SUMMARY Changes in mitral annular areas and cyclic area changes were measured in 17 patients with mitral valve prolapse (MVP) and compared with those in 12 normal subjects. Using wide-angle, phased-array, two-dimensional echocardiography, mitral valve annular attachments were recorded in a view close to the apical four-chamber view, then at 30°rotational intervals around the circumference of the annulus. Diameters and chords from planes at 30°rotational intervals were used to reconstruct the annulus at selected times during the cardiac cycle. Annular areas were measured by planimetry, corrected for body surface area and expressed as area index. In normal subjects, the maximal mitral annular area index was 3.9 + 0.7 cm2/m2 (mean ±SD). Of 11 MVP patients with minimal mitral regurgitation (MR), five had a dilated annulus (5.8 ± 0.3 cm2/m2,p < 0.001) and six had a normal-sized annulus (4.2 ± 0.5 cm2/m2). In six MVP patients with at least moderate MR, annular dilatation was marked (area index 8.5 1.4 cm2/m2, p < 0.001) and systolic annular area reduction (16 ± 5%) was less than in normal subjects (27 3%,p < 0.001). Cyclic annular area changes in MVP patients with minimal MR were similar to those in normal subjects.
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Mitral annular size in patients with MVP ranges from normal to markedly dilated. The occurrence of mitral annular dilatation in MVP patients with minimal MR indicates primary or intrinsic annular dilatation rather than annular dilatation secondary to left atrial or left ventricular enlargement. Patients with MVP and significant MR had marked annular dilatation and less-than-normal systolic annular area reduction.
ABNORMALITIES of mitral annular size in some subjects with mitral valve prolapse (MVP) have been reported at autopsy," 2 suggested by angiographic study3 and found at operation.2'6 Although the function of the mitral annulus in MVP has not been examined previously, abnormal contraction of the left ventricular inflow tract has been demonstrated angiographically.7' 8 The abnormal motion of the posterior mitral valve annulus shown by two-dimensional echocardiography in some patients with MVP9 suggests that mitral annular function might be abnormal in some patients with MVP.
Our understanding of a role of the mitral annulus in MVP has been hampered by lack of a method to study size and function of the mitral annulus in intact man. We therefore investigated mitral annular size and cyclic area changes using our recently described twodimensional echocardiographic technique10 in patients with MVP and in normal subjects.
Materials and Methods
Echocardiographic Criteria for MVP M-mode echocardiograms showing posterior buckling of mitral valve leaflets in midsystole were considered diagnostic of MVP. '1' 12 In patients with pansystolic mitral leaflet bowing on M-mode echocardiograms, the diagnosis of MVP was accepted only if there was strong support from two-dimensional echocardiography or angiography. Superior arching, seen on two-dimensional echocardiography, of one or both mitral leaflets above the plane of the mitral annulus was considered positive evidence of MVP.9 Apical two-dimensional echocardiographic views were particularly useful in the diagnosis of MVP.13
Patients
Of 24 patients with echocardiographic features of MVP examined over an 8-month period, 17 were included in this study on the bases of good-quality apical two-dimensional echocardiograms and the absence of mitral annular calcification. In all subjects with MVP, systolic superior arching of one or both mitral valve leaflets above the plane of the mitral annulus was shown by two-dimensional echocardiography. There were 16 males and one female. All were in sinus rhythm. Eleven subjects had minimal mitral regurgitation (MR) and six had at least moderate MR. The 11 subjects with minimal MR had a midsystolic click or a soft (grade 1/6 or 2/6) late systolic murmur, midsystolic prolapse and normal left atrial and left ventricular cavity dimensions by M-mode echocardiography, and normal heart size on the chest x-ray. In contrast, the six subjects with at least moderate MR had pansystolic murmurs without clicks, pansystolic prolapse (> 2 mm) and dilated left atrial (> 42 mm) 713 and left ventricular (> 54 mm) chambers by M-mode echocardiography and cardiac enlargement radiologically. Left ventricular angiograms in the right anterior oblique projection in four of these six patients confirmed MVP and severe MR. The angiographic diagnosis of MVP was made by visual analysis of one or more scallops protruding or prolapsing into the left atrium in systole.
The control group consisted of 12 normal male subjects in whom high-quality apical echocardiograms were obtained.
Morphologic characteristics of Marfan's syndrome14 were not present in any subject.
Two-dimensional Echocardiography
Subjects were studied in the left lateral decubitus position. A wide-angle phased-array system (Varian 3000) was used to perform two-dimensional echocardiography. Studies were recorded on half-inch videotape using a Sanyo cassette recorder. The images could be redisplayed in real time, slow motion or as single frames. Still frames were recorded on 90-mm film during real-time studies and are used as illustrations in this report. Mounted on the echocardiographic transducer was an inclinometer,15 which has a circular fluid-filled chamber containing an air bubble to allow measurement of 30°transducer rotational intervals.
We have described in detail'0 our method of reconstructing the mitral valve annulus at 12 times during the cardiac cycle from diameters and chords measured at 30°rotational intervals. Briefly, the transducer was held at the left ventricular apical impulse with the beam directed toward the left atrium and the mitral valve leaflets to identify their annular hinge points. A view close to the standard apical fourchamber view was usually the initial plane of examination. At this rotation the transducer was angled back and forth in an arc perpendicular to the plane of the beam to identify the maximal orifice diameter in early diastole just before the mitral valve leaflets opened. During held expiration, about 10 cardiac cycles were recorded on videotape. The transducer was then rotated 300 clockwise, the widest annular diameter at this rotation was identified and recordings were made. Figure 1 is a composite of still frames taken in late diastole in a subject with MVP from planes at 30°r otational intervals.
The center of the mitral annulus just before the leaflets opened in early diastole when the annulus was considered nearly elliptical was used as a reference point.1' A reference line drawn on a strip of clear plastic was taped to the video monitor screen so that it passed from the left ventricular apex and through the reference point; that is, it bisected the annular diameter in early diastole just before leaflet opening. After advancing the videotape to selected times during the cardiac cycle, annular diameters and distances moved from the reference line were marked on an overlaid sheet of clear plastic. Data Analysis Data are summarized in the tables and text as mean ± SD or as mean and range. Where mean data are graphed, the standard error of the mean is given along with the number in each group. To test the hypothesis that no difference existed between means of groups, one-way analysis of variance; was used. If the hypothesis was rejected at the 5% level, two-sided t tests were used to determine the location and significance of differences. No more than five t tests were used after each analysis of variance and a difference between means was considered to be present if the hypothesis that no difference existed was rejected by the t test at the 1% level or less.
Results
Patients with MVP were separated into three groups based on mitral annular size and degree of . The mean maximal annular area index in normal subjects and in mitral valve prolapse (MVP) groups 1, 2 and 3. There was no difference in maximal area index between MVP group 1 (4.2 ± 0.5 cm2/m2) and normal subjects (3.9 ± 0.7 cm2/m2). Maximal area index in MVP group 2 (5.8 + 0.3 cm2/m2) was larger than in group 1 (p < 0.005) and smaller than that in group 3 (8.5 ± 1.3 cm2/m2) (p < 0.01).
MR: group 1 (n = 6) -minimal MR and normal annular size; group 2 (n = 5) -minimal MR and a dilated annulus; group 3 (n = 6) -moderate or severe MR and a dilated mitral annulus. An annulus was considered enlarged if it was more than 2 standard deviations larger than mean normal. The mitral annular area index and changes during the cardiac cycle in normal subjects and in MVP groups 1, 2 and 3 are shown in figure 2 . The annular area index is the annular area corrected for body surface area. The maximal annular area index ( fig. 3 ) in MVP group 1 patients (4.2 ± 0.5 cm2/m2, mean ± SD) was not different from that in normal subjects (3.9 ± 0.7 cm2/m2). The maximal area index in MVP group 2 (5.8 ± 0.3 cm2/m2) was larger than that in group 1 (p < 0.005). The maximal area index in MVP group 3 (8.5 ± 1.4 cm2/m2) was larger than that in group 2 (p < 0.01).
In normal subjects, the mitral valve annulus size increased during diastole to a maximum at the time of the electrocardiographic p wave ( fig. 2 ). There was then annular narrowing, most of which was presystolic and preceded any change in left ventricular volume. Minimal size in the second quarter of systole was followed by annular enlargement before the end of systole. The mean percent reduction in area, calculated as ([maximal diastolic area -minimal systolic area] . maximal diastolic area) was 27 ± 3% in normal subjects. The mean percent annular area reduction ( fig. 4 ) in MVP group 1 (25 ± 6%) and MVP group 2 (27 ± 5%) was not different from normal, but area reduction in MVP group 3 (16 ± 5%) was less than that in normal subjects (p < 0.001). Abbreviations: NYHA = New York Heart Asso dimension at end-diastole.
Patients with MVP in groups 1 and 2 were similar ( 22 However, in five patients with MVP and minimal MR, the annulus was dilated at surgery.6 In seven patients studied angiographically, an increased annular diameter was found in association with mild or trivial MR. 3 We report six subjects with MVP and minimal or no MR in whom the mitral annulus, measured echocardiographically, was normal in size, and five in whom it was dilated. The normal left atrial and left ventricular cavity sizes in these MVP subjects with a dilated annulus argue for primary or intrinsic annular dilatation rather than annular dilatation secondary to left atrial or left ventricular enlargement.
The prognosis for patients with MVP and mild MR is very good,23 28 but a few patients progress to more severe regurgitation.24 27 29-31It is not clear how frequently progression to more severe MR occurs, and there is no method to identify those at risk of progression. The MVP patients who have dilated annuli despite only trivial MR might be at greater risk of progression than those with normal annular size. The mitral valve can maintain reasonable structural and functional integrity as long as the two leaflets have a broad area of systolic apposition and can be maintained in an ideal subannular position within the ventricle during systole.32 Reduction of this area of systolic apposition, one cause of which is annular dilatation, exposes leaflets and chordae to increased stresses.32' 33 The prolapsing leaflet behaves as an unfurled sail, catching the "wind" of ventricular systole and subjecting itself, its supporting chordae, papillary muscle and the underlying ventricular wall to abnormal and destructive stress.32 33 Long-term follow-up studies using our two-dimensional echodardiographic technique would be necessary to determine whether MVP patients with a dilated annulus and trivial 'MR are more likely to have progression of MR than those without annular dilatation.
In the p'resent study, the mitral annulus in normal subjects increased in size after mitral valve opening to a maximal size in late diastole. The annulus narrowed with atrial contraction, and reached its minimal size during the second quarter of systole. Most of the annular narrowing was presystolic and preceded any change in left ventricular volume. The annulus began to widen' in the latter half of systole. These ressults are similar to those in radiographic studies in dogs with lead markers sutured to the mitral annulus. 34' 3 Abnormal mitral annular function in some MVP patients can be suggested by abnormal left ventricular inflow tract contraction demonstrated angio- graphically.7 8 The demonstration by two-dimensional echocardiography of abnormal motion of the posterior mitral valve annulus in some patients with MVP9 suggests abnormal mitral annular contraction. In our MVP patients with minimal MR, the changes in annular size during the cardiac cycle were normal. However, in our MVP patients'with at least moderate MR, all of whom had a dilated annulus, the percent annular area reduction was reduced. Defective systolic contraction of the mitral annulus aggravates the effect of intrinsic annular dilatation."9 The mitral valve apparatus may be exposed to increased stresses during systole, which may predispose to progression of prolapse and mitral regurgitation.
In conclusion, patients with MVP and minimal or no MR fall into two categories -those with a normal-sized annulus and those with a dilated annulus. The significance of these categories is not clear. Further studies are required to determine whether patients with a dilated annulus are at risk of progression of MR. We conclude that mitral annular dilatation can occur as a primary pathology and that the development of significant MR is associated with further dilatation. Cyclic changes in mitral annular size in patients with minimal MR were normal, but patients with significant MR had not only annular dilatation, but also' a less-than-nor'mal reduction in systolic annular area. 
